INTRODUCTION
The thymic microenvironment is composed of multiple cell types of nonhematopoietic and hematopoietic origin that support stem-cell proliferation and T-cell differentiation (Moore and Owen, 1967) . Direct contact between stromal elements and thymocytes is believed to be crucial for the development of functionally mature, *Corresponding author. antigen-specific and MHC-restricted T-lymphocytes (Owen and Ritter, 1969; Stutman, 1978) . The nature of these cell-cell interactions and also the effect of soluble factors known to be involved at different stages of T-cell development are not fully understood. Previous studies have suggested that (i) contact between epithelial cells and progenitors involves specific cell-surface interactions (such as CD2 and its natural ligand (Selvaraj et al., 1987; Vollger et al., 1987) , (ii) (Ceredig et al., 1985; Jenkinson et al., 1987) , (iii) expression of class I and class II MHC antigens on the thymic stroma lead to the acquisition of MHC restriction and self-tolerance by maturing T cells (Zinkernagel, 1982; Lo and Sprent, 1986; von Boehmer and Hafen, 1986) , and (iv) that these interactions can ultimately lead to the expression of a more differentiated phenotype by progeny cells, such as the progressive rearrangement of T-cell receptor genes (TCR) (Davis and Bjorkman, 1988) and/or the expression of Thy-1, CD3, CD4, and CD8 (Borst et al., 1983; Fowlkes et al., 1985; Smith, 1987) .
An understanding of the events that control Tcell development in the thymus has been hampered by the lack of in vitro systems. One method that has been widely used is the mouse thymic foetal organ culture system (van Ewijk et al., 1982) . This model has proved to be very useful for studying lymphopoiesis, but due to its complexity, it has been difficult to assess the specific roles of the various types of cells in the thymic microenvironment. In an attempt to understand the possible role of different microenvironments within the thymus, we have attempted to immortalize different stromal elements using a temperature-sensitive mutant of SV40 large-T antigen (Tegtmeyer, 1975; Jat and Sharp, 1989) or Ela constructs (Roberts et al., 1985) . We report the isolation of 84 (Tegtmeyer, 1975; Jar and Sharp, 1989) or Ela 12S (Roberts et al., 1985) , and selecting colonies resistant to G418 (500tg/ml) (Davies and Jinenez, 1980) . In the first set of experiments (see Table 1 The rationale for using SV40tsA58 as an immortalizing agent to generate thymic stromal-cell lines was that cells might be clonally expanded at 33C (SV40 large T permissive temperature) and yet stop proliferating and adopt a more "normal", differentiated phenotype at 39C (at which temperature SV40 large T is nonfunctional). In view of this, the growth of cell lines 5.10, 7.5, and 6.10 at 33C and 39C was studied in detail (see Fig. 1A ). A well-characterized rat fibroblastic line (tsa 8) obtained from infection of primary skin cultures with SV40tsA58 (Jat and Sharp, 1989) was used as a control in these studies, as were two Ela 12S-derived clones 8.40 (Lazarides, 1982) . All cell lines expressed detectable levels of vimentin and some variation of both intensity and pattern of intracellular staining was observed between cells grown at different temperatures (see Table 2 and Fig. 1B (Kim et al., 1987; Ben-Z6ev 1984) .
In a second set of experiments, electron microscopy studies were performed to look for desmosomal bodies, which are characteristic of epithelial cells (Farquhar and Palade, 1963 hA human squamous epithelial-cell line derived from a carcinoma of the cervix (35).
which differs from putative fibroblast lines (5.10 and 7.5), suggest that these cell types are of epithelial origin.
In addition to these studies, a third set of experiments was carried out in which cell lines were stained with a panel of antibodies and assessed for nonspecific esterase activity. Two mAb to mouse thymic epithelial cells (TEC) (ER-TR4; recognizing cortical epithelium and ER-TR5; recognizing medullary epithelium) (van Vliet et al., 1984) were unreactive in all cases tested. Epithelial heterogeneity has been documented 6.10 14-5 15-5 within the medulla from the staining pattern obtained by two L-fucose-binding lectins (Farr and Anderson, 1985 (Pietrangeli et al., 1988) , and thymic epithelium (Tucek and Boyd, 1990 (Lazarides, 1982; Ben-Zeev, 1984 ; Kim et al., 1987) , which may in part explain our results. Furthermore, long-term culturing may also result in decreased or lost expression of certain antigens, as have been reported by Cattermole et al. (1989) . In order to establish whether the lack of reactivity with a number of stromal-cell specific markers is a result of immortalization and/or long-term culturing, conventional lines could perhaps be used as targets for infection. This kind of study would be valuable to investigate what phenotypic changes occur after a retrovirus has been introduced into the cell and in addition, how well the immortalized and nonimmortalized cells represent their counterparts in vivo.
Several investigators have reported the generation of murine stromal-cell lines including those of epithelial origin: TEP1 (Beardsley et al., 1983) ; E5 (Potworowski et al., 1986) ; TE-71 and TE-75 (Farr et al., 1989) ; and St3 (Brightman et al., 1989 (Cattermole et al., 1989 (Kosaka et al., 1989; Nakashima et al., 1990) . No functional properties of the possible epithelial lines designated TG and produced by v-myc and v-Ha-ras transformation have been reported (Cattermole et al., 1989) . It is believed that cortical epithelial cells are involved in positive selection for MHC following contact with immature thymocytes Berg et al., 1989 (Singer et al., 1985) . Thymocyte rosette/thymic nurse cell (T-ROS/TNC) cultures were prepared by enzyme digestions of adult thymuses, as previously described (Kyewski et al., 1982) . Adult thymuses (15) (16) (17) (18) (19) (20) , obtained form BALB/c mice, were minced with sharp scissors and incubated in 10 ml of RPMI-1640 (Tegtmeyer, 1975; Mann et al., 1983; Cepko et al., 1984; Roberts et al., 1985; Jat and Sharp, 1989 (Jat and Sharp, 1989) . Once the cells had adhered, medium containing G418 (Davies and Jimenez, 1980) (500flg/ml) (Gibco) was added and exchanged every 4-5 days. Colonies resistant to G418 were picked using cloning cylinders and transferred to 24 well plates and expanded.
Reagents
The following antibodies were used for labeling: anti-SV40 large T (PAb 412) (Harlow et al., 1981) ; mouse antikeratin (LE61) (Lane, 1982) ; polyclonal rabbit antikeratin (Sigma, Poole, U.K.); goat antivimentin (ICN Biomedicals, Inc., High Wycombe, U.K.); rat antimouse thymic epithelial components: ER-TR4 and ER-TR5 (van Vliet et al., 1984) ; rat antimouse dendritic cells: NLDL-145 and MIDC-8 (Kraak et al., 1986; Breel et al., 1987) ; anti-CD45 common determinant (M1/9.3) (Springer et al., 1978) ; anti-Thyl.1 (HO22.1) (Ledbetter and Herzenberg, 1979) ; anti-Thyl.2 (30-H12) (Marshak-Rothstein et al., 1979) ; Mac-1 (Springer et al., 1979) (Gomori, 1950) .
Rosetting
The rosetting was performed at 4C using a cellsuspension assay. Briefly, stromal cells (harvested with versene) and unfractionated adult thymocytes (from BALB/c mice) were mixed 1:12 in a total volume of 200/1 and incubated on ice for I hr. The mixture was centrifuged at 200 g for 5 min, the pellet gently resuspended, and the number of rosettes scored using a hemocytometer.
Electron Microscopy
Stromal cells were grown to confluence in 60-mm petri dishes, fixed in 2.5% glutaraldehyde, postfixed in 1% osmium tetroxide, dehydrated through graded ethanol, and embedded in resin.
Sections were cut (90 mm) and visualized in a Zeiss EM10 electron microscope.
